The leaves of maize have two photosynthesizing tissues with two types of chloroplasts, mesophyll cells (MC) and vascular bundle sheaths cells (BSC). The development of chloroplasts in BSC was followed by transmission electron microscopy and point counting method in the middle part of the third leaf of maize plants. From young (Y) to mature (M) leaves, volume density of photosynthetic membrane system (thylakoids) increased, to senescing (S) leaves it did not significantly change. During the whole leaf ontogeny, small thylakoid appression regions (grana) were present in BSC chloroplasts, currently assumed to be agranal. From M to S leaves, volume density of starch inclusions strongly decreased and that of plastoglobuli strongly increased.
Chloroplasts are cell organelles of photosynthesis. They are, therefore, the most important type of plastids. Higher plant plastids have been studied for a very long time (see e.g. Virgin and Egnéus 1983 , Ryberg et al. 1993 , Hudák 1997 . Chloroplast ultrastructural development during leaf ontogeny was reviewed by Kutík (1998) . Photosynthesis is the primary metabolic process, which is important, by fixation of inorganic carbon from CO 2 , for life on our planet (e.g. Lawlor 2001 ). Plants with so-called C 4 photosynthesis have CO 2 fixation compartmentalized between two types of chloroplasts. Most of C 4 plants have typical Kranz (wreath) leaf anatomy. Two types of photosynthetic tissue surround vascular bundles: the bundle sheath cells (BSC) and the mesophyll cells (MC). Maize is a typical C 4 plant of so-called NADP-malic enzyme (NADP-ME) subgroup (Hudák 1997) . Chloroplasts are located centrifugally in the bundle sheath cells. They have usually almost no grana (regions of appressed thylakoids) or have small grana composed of two to four thylakoids only (whereas MC chloroplasts have large grana usually from many thylakoids) but they contain usually large inclusions of reserve polysaccharide, starch (which is almost absent in MC chloroplasts). Brangeon (1973a, b) followed differentiation of dimorphic (BSC and MC) chloroplasts of young, growing maize leaves. Differentiation of MCs and BSCs was followed in maize also by molecular approaches (e.g. Furumoto et al. 2000) . Kutík et al. (1999) studied stereologically the development of MC chloroplasts during ontogeny of the third leaf of maize plants in genotypes differing in photosynthetic (photochemical) activity. The aim of our work was to evaluate stereologically (for the first time, as far as we know) the development of BSC chloroplasts during ontogeny of the same leaves.
MATERIAL AND METHODS
Maize (Zea mays L.) plants in two parent lines, CE813 and CE829, and their hybrids, CE813×CE829 and CE829×CE813, were used in the experiments. They were cultivated in a growth chamber at temperature 25/16°C, air humidity 60 to 80%, and irradiance of 500 µmol/m 2 /s. Samples for ultrastructural study were taken from the middle part of the third leaf of maize plants (coleoptile numbered as leaf zero) at the age of the plants of 13, 27, 41 days after sowing, i.e., from young (Y, growing), mature (M, not more growing) and senescing (S, yellowing) leaves. They were always taken from four plants. For each plant, five chloroplasts were evaluated. Leaf samples were double fixed with glutaraldehyde and osmic acid, then embedded into Spurr 's low viscosity resin via propylene oxide after dehydration in graded ethanol series, see Kutík et al. (2001) . Ultrathin sections were contrasted in saturated solution of uranyl acetate in 70% ethanol (for 20 min) and in lead citrate solution after Reynolds (1963) , (for 20 min). Chloroplast ultrastructure was evaluated using transmission electron microscope PHILIPS EM 300. Quantitative evaluation of chloroplast ultrastructure was realized by point counting method, using morphometric grids laid on positive photographic images of chloroplasts. This method allows estimating threedimensional characteristics of given body (e.g. a chloroplast) from its sections. Volume densities (relative partial volumes, if chloroplast volume = 100%, see Gundersen and Jensen 1987) of granal and intergranal thylakoids, peripheral reticulum, starch inclusions, plastoglobuli and stroma were estimated. Area, length and width of chloroplast cross sections in bundle sheaths cells were followed by the system for image processing and analysis LUCIA version 3.52 (Laboratory Imaging Ltd., Czech Republic). Statistical significance of all ontogenic and genotypic differences found was determined by ANOVA software and t-test.
RESULTS AND DISCUSSION
The ultrastructure and size of BSC chloroplasts (Figure 1 ) changed notably during the leaf ontogeny. From Y to M leaves the volume density of thylakoids increased, from M to S leaves it did not change significantly. Small grana were identifiable during whole leaf ontogeny, the lowest level of granality was reached in BSC chloroplast thylakoid system of mature leaves where compartmentalization of CO 2 fixation between MCs and BSCs worked probably best. Presence of the grana with high activity of photosystem two splitting water and producing oxygen is unfavourable for CO 2 fixation, see also Nishioka et al. (1993) . From M to S leaves the amount of starch strongly decreased and the volume density of plastoglobuli increased. Both are the signs of chloroplast senescence, as was reviewed by Kutík (1998) . Y and M leaves chloroplasts were larger comparing with S leaves chloroplasts. There were small differences only between BSC chloroplasts of the leaves of CE813 and CE829 inbred lines of the same age (Tables 1 and 2 ).
The volume density of BSC chloroplasts in the cells of mature leaves (data not shown) did not differ between both inbred lines. Comparison between BSC chloroplasts ultrastructure in mature leaves of reciprocal hybrids (Table 1) showed that CE813×CE829 chloroplasts possessed significantly less thylakoids, but at the same time much more starch than CE829×CE813 ones (determined by t-test). 
mature leaf, (C) senescing leaf; the chloroplasts contain many intergranal (nonappressed) thylakoids (IT) and several small grana (GT); peripheral reticulum (PR) is also seen in the chloroplasts; in senescing leaves the starch inclusions (SI) are smallest and plastoglobuli (P) largest; in B and C cell vacuoles (V) are also seen; bar = 1 µm Dimorphic chloroplasts of maize differentiate gradually from identical plastids in very young leaves (Brangeon 1973a, b) . Our results demonstrate also the presence of small thylakoid grana even in BSC chloroplasts of mature and senescing maize leaves. As in MC chloroplasts of maize (Kutík et al. 1999) , BSC chloroplast ultrastructure changes substantially during whole leaf development. Steady increase of the volume density of plastoglobuli (containing probably lipoid degradation products of thylakoid membranes, see Kutík 1998 ) is also connected with leaf ageing. These developmental changes in BSC chloroplasts are analogical to differences found in MC chloroplasts of the same leaves of different age (Kutík et al. 1999) , as well as to the differences found in MC chloroplasts of mature maize leaves in various parts of the leaf blade with the oldest cells at the top of the blade and the youngest ones at the base (Kutík et al. 2001) . Stereology enables us to evaluate chloroplast ultrastructure in a simple and complex way (compared to, e.g. measuring of appressed and nonappressed thylakoid membranes length or counting grana or number of thylakoids in the grana). The results of our work confirm the dynamic nature of chloroplast dimorphism (BSC chloroplasts versus MC chloroplasts) in the leaves of maize. This dimorphism is developed best in mature leaves, which are the main source of photosynthates. 
